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13 Sclentific Research, Office of Aerospace Research, United
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Air Force Director for this program is Dr. B. T. Wolf°cn,
Propulsion Division, Directorate of Engineering Sciences, Ait
Force Offlice of Scientific Research.

ABSTRACT

The crystalline oxidizers methyl, dimethyl, and
trimethyl ammonium perchlorate have been prepared as rhombic
crystals, The methyl A,P, has an atmospheric pressurs burning
rate two and one half times as fast as ammonium perchlorate.
The thermal stability is comparable to that of A.P., although
the methyl derivative 1s perfectly balanced chemically for a
CHz2/A,P, type system. The flame temperature is twice that of A,P,

This system of A, P, derivatives should prove useful in
determining the value of bringing high temperature flames closer
to propel ant surfaces in the overall study of combustion
dynamics.




L = " [ rel —— T e —

-3 .

TABLE OF CONTENTS

I Introduction

II Preparation of Substituted Ammonium Perchlorates
IIT Differential Thermal Analysis

IV  Combustion Testing

v Calculated Combustion Propertles of Alkyl Substituted
Ammonium Perchlorates

VI Conclusions

VII Future Work




o o L

ol

TR T . TP

T — R 2l nbat Raann i s ol — - P

= Y o

I Introduction

A fundamental understaniir-g o -2 <smbustion characteristics
of a range of physical condirions of crystzlline oxidizers is
important if complete knowledge pertainirg To the comrustlion and
stability characteristics of composite solid propsellants is fo
te atvained., Tris researvcl involives theoretical uznid experiment-
al studies of the burning of crystallire cxldizers renging in
physical form from larze sirgle crysvale To low tulk density
powders. A strandburner, winacw temt anrnd higr-speed motion
pleture photography will te used o obtaln Turning rates versus
pressure, and to record stabtilicy of combustion for a varieuy
of particle sizes and pressure (dersivy) packirngs of selexted
crystallire oxidizers (l.e,, ammonium nerchlcrate) angd analogous
compounds, The study of large single “rystal turning will
remove particle size, shape and packing f=cvorc as complications,
Data from low hulk density pcwder combustion studies, when
compared with single crystal dsta, provides vital information
avout combustion zone thickress, ignition and conductivity
contributions to the overall combusiion phenomena, 1In
addition, 1t is believed that simple combustion tests of -powder
oxldizer samples can serve as an efficient screening technique
for determining whether chemical modifications have increased or
decreased the intrinsic burning rate, crystallline decomposition
mechanisms observed during burning wlll be related to the
oxidizer intrinsic burning rate and the basic propertles of the
oxidizer such as chemical nature, crystal type, and ion sizes,
The validity of the models will be determired by correlation with
the experimental data obtained.

Prior werk in these laboratories, and also at Thiokol
Chemical Corp., Atlantic Research Corp., Naval Weapons Center,
China lLake and University of California have shown that
anion or cation changes to the svandard crystalline oxidizers can
produce profound changes in comtustion characteristics.

At University of Delaware, 1t was determined that simple
alkyl substitutions for the hydrogens in the Ny cation would
provide materials useful in combustion evaluations. It was
declded that mono-, di-, and trimethyl ammonium perchlorate
should be the staruiing compounds. DTA data and oxidirzer
powder turning rates Tor =zach compound would be measured, and
comoared with A,P, as the control, 7Tnere was litile information
available in the literatur2 an these compoundsz, During the early
1900's, tnere were two s:udles (1, 2) of =z series ot alkyl
ammonium perchlorates; ore concentratling aon solubllities - and
one on explosion temperat:res, Satsequently, there was a U,S,
patent issued for methyl wmmoniwn perchlorate as an explosive (3).
Qur inverest was in combus-ion characterlis<ics of these

1

materials . « « and ne infcrmarior was uncoverad In that area,
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II., Preparatlon of Substituted Ammonium Percnlorates

The most straightforward and safest method of preparing
pure substituted A,P,'s was felt to be the neutralization
reaction of amine with perchloric acid in water solution,
The amines solutions (methyl, dimethyl and trimethyl) ranged
from 40% to 25% by welght in water. The perchloric acid
used wae 24% by welght in water.

In the preparation of one gram mole of methyl ammonium
perchlorate, the dropwise addition of dilute HC10y produced
a maximum temperature rise of 20°C, even with ice bath cooling
of the 1/2 liter reaction flask,

When reactlon was completed, a rotary vacuum evaporator
was applied to draw off excess amine and water, The sample
was then recrystallized and drled In a vacuum desiccator,

The crystals were rhombic and resembled ammonium perchlorate.
The crystal denslty, bazed on an average of four determinations
in methyl polysiloxane, was 1.6484g/ce at 20,20°C, A rough
estimate of sensitiviiy was obtalned by subjecting samples of
the methyl compound to hamper blows against a steel block, and
qualitatively comparing results with pure A,P, Although the
methyl ammonium perchlorate was harder to initiate than A.P,;
when 1t did explode, it gave a louder report.

The dimethyl and trimethyl substituted compounds were
prepared in essentially the same fashion.,

The purified crystals were carefully removed from the
final drying watchglasses, and ground in small quantities,
The resulting powders were screened to obtain the -40 +50
mesh (350 micron) fraction and stored in sealed bottles,
Based on solubilities, it is believed that methyl A,P, 1is o
more hygroscopie than A,P,; and dimethyl A.P, and trimethyl A,P.
are less hygroscopic.

Further densl%ty, purlty and stacllity determinatlions are
needed.

IIT, Lifferential Thermal Analysis

The most meaningful single analytical “=st for oxidizer
powders was felt to be D.T.A, DuPont Model w00 apparatus was
used with a micro sample tube, at a heating rate of 20°C/min.,
and with glass teads as the thermail reference,

Flgure 1 shows the standard D,T,A, thermogram for pure
A.,P, The single sharp enaotherm showing orthorhombic to cubic
transition appears at atout 240°C, The single exotherm begins
gradually at about 300°C, and peaks at about 405°C, (Impure
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A.P, also shows a sharp exotherm at 500-320“0).

Flgure 2 15 a thermogran for methyl ammonium
perchicrate showing two sharp endotherms; orne at 175°C.,
and one at 257°C. The exotterm tegins at 300°C, and peaks
at 350°C,; or atout 55°C. lower than A.P,

Figure 3, the dimethyl ammoniuom gerchlorate thermogram,
shows a single endotherm a% atout 172°C, At shout 275°C.,
the exotherm begins and pezks at about 330°C.; or about 75°C,
lower than A,P, .

Figures U and 5 are “hermograms for trimethyl ammonium
perchlorate, The material in Figure 4 was not purified and
shows an extra low temperabure endotherm and % slight general
shifting of the other peaks.

Figure 5 (trimethyl ammonium perchlorate - purified&,
shows the three sharp endotherms at 115°C,, 200°C. and 280°C,
The exotherm seems partially influenzed by the last endotherm,
but at any rate, peaks at about 310°C, or about 95°C, below
that of pure A,P,

Table 1 summarizes this data. With increasing alkyl
substitution, there is a decrease in both initial endothemm,
and in the exotherm. The thermograms show a decrease 1n
thermal stability with Increasing alkyl content, However. the
most sensitive compound (trimethyl) is notv considered hazardous
from thils pelrnt of view., More sophisticated impact sensitivity

TAELE 1

Thermal Response of Alkyl Substituted
Ammonium Perchlorates

Compound Endotherm(s) (°C., Exotkerm (°C.)

Ultra high purity 2ho hos

ammenium perchlorate
Methyl ammonium 175, 257 350
perchlorate
Dimethyl ammonium 172 330
perchlorate
Trimethyl ammonium 115, 200, 280 310
perchlorate

tests are needed next - and possibly friction tests. The simple
tests with a hammer azsinst a steel block show that these
materials are not extremely sensitive to shock.
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IV, Combustion Testirg

The first type of comtustior *f=s® run in these laboratories,
when investigating a new monopropeliant, is the straw turning test
of the powdered materlzl, The imporiant control features when
running these tests to assure accuracy and reproduclbility have
been deserited. (4)

During this quarter, tne atrospheric pressure burning
rate for methyl ammonium perchlorate was determined. Pure
A.P, was used as the control. The samples were -40 +50 mesh
dry powders loaded to the pour density (1/2 of crystal density)
in 6,5 mn diameter tubes. The burning rates obtained, in air,
at ambient pressure, averaged from at least four tests, were:

NHyC10y - 0.043 inches/sec.
CH3NH3C10y - 0.103 inches/sec.

Thus the methyl derivaiive had a burning rate of about
2-1/2 times that of pure A,P, Visuai observation of M,A,P.
burning showed .a flame height of ten to fifteen times higher
than that of A,P, - and also a brignt oraiige color as compared
with A.P.'s faint blue color,

Whereas A,P. powder is relatively insensitive to tube
diameter, the M.A.P, would not burn reproducivly in 4 mm 1i.d.
or smaller tubes, When it did burn, there were turning pulsa-
tions with a frequency of about one every two seconds. The
quiesrent portion of the pulse indicates an inciplent quenching
condition, I° the 6,5 mm tube, tnere were no pulsations. Thus
under these test conditions the guenchk diameter was 4 mm, A
good discussion of other aspects of quench diameters has been
given by Vor Elte and McHale (5).

Preliminary %tests with fhe di- and tri- substituted .
compounds indicates burnirg rates midway betwesn A,P, and M,A,P,
Further work will be conducted in the next quarter,

V. Calculated Combustion FTroperties of Alkyl Sutstituted
Amuorilua Percnlorates

Although the heat of formation of methyl ammonium perchlorate
(MAP) has not yet been determined, we estimate it o be in the
range of -60 to -80 Knal/Mole,

Related perchlorates have values in this range., Ammonium
perchlorate, for example, has a standard heat of formation (AHp°)

of about -70.7 Kcal/Mole., When ore hydrogen is replaced with
hydroxyl, to give hydroxylammonium perchlorate, the value is -66.5 Keal
per Mole (Reference 5). Considerably further afield, the value for
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hydrazine diperchlorate is =72 Kcal/Mole.

A rough estimate of the heat of formation of MAF can be
derived from the observed reaction conditions during synthesis,
1f we neglect sclution effec*ts, When a ore mole guantity of
MAF was prepared in a total agueous reaction mixiurs of sbout a
kilogram; an estimate of the temperature rise of the uncooled mix-
ture was about 20°C. Taking the specific heat of the reaction mix
a3 an average of 1 cal/gram °C, this weuld give a heat of
reaction of -£0 Kcal/Mole. Thz followirg estimate can then bte made:

AHr® agueous methylamine = Keal/Mole
=17.0
AHg® agueous perchloric acid = -30,0
AHy of amine and acid = -20,0
AHg® methyl ammonium ] -67.0

perchlorate

Another estimate can be made if we treat MAP, CHaNH3Cloy,
i as NHjCl0y plus (~CHo=) (as polyethylene).

There is little net energy change due to breaking and forming bonds
as follows, to make the conversion from A,P, and polyethylene to MAP.

Keal/Mole

1) Breaking an NH bond in NHyt = 3095
2) Breaking a (CH,) unit from polyethylene = +70
3) Forming a C-N bond, -CHoNHszt = -79
4)  Forming a C-H bond, CHzNHs* = =87
Net energy change = -1

Lattlice energy changes *xave not been estimated, but the above
transition only gives -1 Kcal/Mole. Thus it would seem that for
thermochemical approximations, a heat cf formation for MAP based on using
the equivalent AHe® contritutions would be reasonzble, 3Sonrd energies

were taken and extrapolated irom data by J.,A, Kerr and K,5, Pltzer,
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Contribution
Mole % AHe® to MAP AHr®
- CHp - (solid) 10.6 -6.5 -0.75
NHyC10y (solid) 89.4 -70.7 -63.30
Bonding Contribution - - -1,00
Estimate for MAP -65.05 Kcal/Mole

This latter estimate (-65.05) compared with the former (-67)
gives us some confidence in being able to treat MAP as 10.6% - CHp - and
89.4% NH4C104 for the purpose of calculating monopropellant enthalpy
balances durlng combustion. The values of interest like: adiabatic
flame temperature, and the propulsion parameters of ¥, Isp, and
exhaust temperature when subjiected tc combustlon at €8 atmospherea,
wlth exhaust to sea level; may te obtained from the data of Dobbinaz (6).
These values are shown in Table 2 compared with similar data for pure
AP, Table 3 shows more complete data for A,P,

Tatle 2

Combustion Properties Comparison for

Monopropellants
NE,C10y CH3NH2C10),

A, F, M.A.P,
Adiabatic flame temp.(68 ATM)(°K) 1403 3020
Adiabatic flame temp.({l ATM)(°K) 1375 a—
c¥® ft/sec. 3213 4960
‘Chamber M,W, 27.9 - 26,0
Exhaust Temp.,68 ATM/1 ATM, (°K) 620 1600

Specific Impuise, €& ATM/1 ATM 186.7 sec, 252,0 sec,
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Table 3

Ammonium Perchlorate Moropropellant
Combustion Equilibrium Data

Heat of Formation (Enthalpy) -73.63 Keal /mole
Initial Temperature 298,15°K
Density 1.95 g/cc
Pressure

Parameters 1 atm 34 avm 68 atm
Temp., °K 1375 i3 1403
Temp., °F 2015 205 2066

, Enthalpy, cal/g -601.6 -601,6 -601.6

| Entropy, cal/g - °K 2.212 1,960 1.911
Average Molecular Wt. 27 ..691 27 .871 27 .930
Heat Capacity cal/g - °K 0,352 0,364 0.367
Ratio of Specifiec Heats cp/cv 1.264 1.259 1,258

Combustion Species
Woles/100 grams

) | c1 T 0,0054 0,0022 0.0019
HC1 0.8168 0.7301 0.7005
clo 0.0001 0.0002 0,0002
, cls 0.0144 0.0593 0.0742
1 OH 0.0002 0.0001 0.0001
NO 0.0011 0.0013 0.0013
N2 0.4250 0.4249 0.4249
o 1.0546 1.0329 1.0254

Addltional products which were considered but whose mole frantionswere
less than 0.,000005 for all assigned conditions: H, NH, Hp, NH3, N and O,

Methyl ammonium perchlorate 1s seen to burn with a flame twice as
hot as that of A,P. Actually, 1t is found to be at the peak of the
flame temperature, c¥and Isp curves fer the CHp/AP system, Probably

g this perfect stolchiometric balancing to give maximum theoretical
heat release, combined with complete flame premixing on the molecular
level, explains the fast turning rate that was measured,

M.A,P, 1s a near perfect monopropellant from an enargy viewpoint,
however, 1t may well catalyze the combustion of other nropellant
ingredients by bringing highly exothermic reactlions mvch closer to
the solid propellant surface.
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Concluslons

Alkyl substituted ammonium perchlerates are monopropellants,
like A,P.

The methyl substituted perchlorates have a rkomble crystal
form, and are not strongly hygroscople,

The DTA exotherm for these substltuted perchlorates is 50°C,
to 100°¢ lower than for A,P,, wilth the lowering proportional
to the alkyl content,

As a monopropellant, methyl ammonlum perchleorate burns

about two and a half times as fast as A,P,, and with a much
hotter and higher flame. (MAP = 0.103 in/sec.j; AP = 0,043 in/sec.;
both at atmospheric press.)

DL and tri methyl A,P, burn at rates tetween A,P, and
M.,A.P., apparently M,A,P, zlves the best balanced products for
maximum heat release.

Whereas the A,P, powder burning quenching dlameter is about
3 mm, the methyl substltuted quench diemeter is about 4 nm,

For most oxildizer powders studled, a 6.5 mm i.d. tube glves
stable burning (although a 4 mm tube is satisfactory for
4.P.)

As tube dlam, 1s reduced, an urstable turning condition
(pulsating burning) develops, with the perlod of pulsation
inversely proportional to tube diameter. A 4 mm tube glves
30 pulses In abtout 60 sz¢., or one every 2 sec,

Future Work

Purther dernsity, purlty and stabllity determinations will
e made on the sucvstltuted compounds.

Burning rates for dimetiyl and trimethyl A,P, wlll be
determined,

Correlations will te made between combustion products, flame
temperatures, rates and reactant premixing conditions,

Reasons for combustlon Instabillty and quenching will be
sought.
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A.P,, although the methyl derlvative 15 perfectly balanced chemically
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the value of brin<lng high temperature flames rloser to propellant
surfaces in the oversll study of combustion dynamics,
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